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ABSTRACT 


Copernicus observations of the M-supergiantS; a Ori and ct Sco, 

are presented. The Mgll h and k resonance lines arc strongly 

in emi.ssion in both stars. The k line is highly asymmetric in both 

stars but the h line is syrmnetric. Upper limits for several other 

resonance lines are given for o. Ori. 

The possibility is explored that the k line asymmetry is caused 

by overlying resonance lines of Mnl and Pel formed in the cool 

circumstcllar gas shells around these stars. ‘Observations of the Mnl 
0 

il030~i|033 A lines are used to show that circumstellar shell absorption 
is too weak to explain the asymmetry. However, the overlying lines 
of Mnl and Fel do appear to be responsible because selected Fel lines 
in the visi.ble spectrum appear weakened by fluorescent emission driven 
by the Mgll emission line. It is suggested that the absorption 
occurs in a cool turbulent region between the base of the circumstellar 
shell and the top of the chromosphere. 

Subject headings: Circumstellar shells - emission-line stars - 

luminous star's - stars, individual 


I. INTROUUCTION 

Stellar chromoaphei’es have long been inferred for the M-superglants 
from the presence of Call II and K in emission. In any study of these 
chi’omosplieres it is important to obtain as much observational data 
as possible in order to accurately detennine the physical structure. 
Since most of the expected species have resonance lines in the ultra- 
violet^ we have used the NASA-Pi'inceton satellite Copernicus 
(Rogerson et al . . 1973a) to search for these lines in two M-supergiants, 
Betelgous (2 (a Ori, M2Iab, my=0.8) and Antares (a Sco, Mllb, m^=l.l). 

Both stars are small amplitude variables; in addition, Antares has 
a B-type companion niy=6.6), at 3 arc-sec separation, which appears 

to be both the center of a nebula (5 arc-sec diameter, Stone and 
Struve, 195il) and a radio source (lljellmi.ng and Wade, 1971) . 

The Mgll h and k lines have previously been observed in a Ori 
by Kondo et al . (1972) who found a striking asyimietry in the k 
(2795 'A) component while the h component (2802 A) was symmetric. 

These observations were confirmed by Kondo, Morgan and Modisette 
(1975). Observations of K-stars (Moos et al . . 1974) have not revealed 
a difference between the h and k lines. In addition to observing 
the Mgll h and k lines in a Ori, we have observed these lines in 
a SCO and have searched in the ultraviolet spectrum of a Ori for 
other possible chromospheric indicators. The Mgll lines 
xtfere observed strongly in emission in both stars and th<ise observations 
and their possible interpretation are the main subject of this paper. 
None of the other lines we searched for in a Ori were detected. 


From our null results^ we have set upper limits upon the fluxes in 
these veix’ious lines as discussed in ^ IX. These cnloulations ai'e 
given in Table 2, In ^ II, v?e discuss our observations of tlie Mgll 
lines, cur calculation of the error limits of our observations and 
give various parameters calculated from the line profiles. We discuss 
possible interpretations of the asymmetry in the k line in ^ III 
and ^ IV. 

II. OBSEKVATIONS 

Our observations of a Ori and a Sco Mgll ‘h and k are presented 
in Figures 1 and 2. These ‘figures represent the averages of 12 scans 
for tx Ori and of 30 scans for a Sco obtained v/ith the V2 system, 

The resolution is 0.4 A, The B star companion to a Sco may be 
expected to contribute up to 1000 counts/integration period in the 

O 

2800 A region to the count rate obtained with Copernicus if the 
narrow (0.3 arc-sec) spectrometer slit were to include both stars. 

No positive evidence for this was seen in individual scans. However, 
some scans show a steep increase in count rate across the scan. 

The noise estimate, ct, given in the figures and used subsequently 
in this paper is based upon two separate calculations. First, the 
estimated error in the background level is calculated by measuring 
the rms deviation of a series of points which appear to contain no 
significant stellar signal. Second, the standard error is 

calculated and the tefi •c'.ombined to give our estimated a. This is not 
strictly valid since the errors are not independent. In addition, 
there are unloiown errors arising from the different satellite orienta- 
tions during the scanning. We feel that our formal error calculated 
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as desaribetl above gives a faii’ly accurate picture of our relative 
uncertainties^ but v?ish to stress that is is purely a formal one. 

We collect in Tabic 1 various parameters calculntecl from our 
observations of Mgll. In pai’ticular, we verify the striking asymmetry 
in the k line as contrasted witli liie symmetric li line. Assuming that 
the absolute I’esponse of the satellite remained constant from orbit 
8330 (a Ori observations) to orbit 10730 (a Sco observations) 

(Snovj, 197<l), the observed Mgll emission in a Sco is 80?a that in 
a Ori. To estimate absolute fluxes, we must know the angular diameters 
of these two stars. The angular diameter of a Ori has been found to 
be wavelength dependent (Bonneau and Labeyrie, 1973) . We use the 
obsei’ved value of 0’.'0G9 for 4220 A, although this can at best be only 
a rough indicator of the value for the chromosphere. For a Sco, v;e 
use 0l'042 (Gezari, Labeyrie and Stachnik, 1972). The satellite 
calibration corresponding to an efficiency of 0,6i|^ at 2800 A was 
provided by Snow (1974) . This absolute determination of the chromospheric 
fluxes does not include a correction for interstellar and circum- 
stellar reddening. 

We note that our measured values for the widths of the h and k 
lines do not follow a Wilson-Bappu relationship*. The absolute visual 
magnitudes for the tv\;o stars are My (co 0ri)=-6 (Keenan and Morgan, 

1951) and My (a Sco) =-5,2 (Stone and Struve, 1954) while the line v/idths 
are slightly larger in a Sco. The two stars do follow the Call 
V/ilson-Bappu relationship. We attribute this to the difficulty in 
measuring these widths from noisy data and to the possibili.ty that the 
B star companion to oc Sco contributes sufficient signal to distort the 
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line profiles rather than to a brenla'own of thv, Wilson “Happu 
relationship. 

The upper limits which v;e have been able to place upon tlie 
other chromospheric lines^ Table 2 , serve to eliminate extensive 
and/or hot regions surrounding this M-supergiant. 

Ill, INTEHPRKTATXONS Of THE k LINE ASYMMETRY 

The outstanding feature of the Mgll lines is the contrast between 
the X2795 and X2802 lines; the former is strongly asynunetric and the 
latter is symmetric. The h and k lines are expected to be formed in 
a chromosphere; a static chromosphere would give rise to syitunctric 
self-reversed line profiles. An explanation for the asymmetric 
k line might be provided by an extended, expanding du'omosphere 
accox’ding to calculations by Kimasz and Hununer (1974; also Kunasz, 

1973) . Such chromospheres give rise to self-reversed lines with the 
intensity of the red peak greater than that of the blue peak. However, 
the regions of foimintion of the two Mgll lines must surely overlap 

i 

sufficiently that an expanding chromosphere cannot be modelled such 
that expansion effects appear in the k line (oscillator strength 
twice that of the h line) and not in the h line» The synanetry of tlie 
h line is most simply interpreted in terms of a stationary chromosphere 
and we have sought an alternative explanation for the asymmetric k 
line. The k line asyiranetry has been seen in each of the three separate 
observations. This repeatability would suggest that it cannot be 
attributed to peculiar line formation conditions in a bright active 
region v;hich happened to dominate the chromosphere at the time of 


observation. 
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MocliseH'e, Nichols unci Kondo (1973), exploring a suggestion by 
Herbig, proposed that the asyiiunetry be attributed to ubsox’ptirm by 
an overlying Fel resonance line (2795.006 A, a - 55 multiplet 

UV3) , By assuming an optically thin chromosphere, Gaussian line 
profiles and neglecting any other overlying lines, they v;ore able to 
calculate the reejuired strength in the Pel line to produce tlie 
observed asymmetry. Their overlying Pel line has a very large half- 
width of ~ 3 A, greater than thad of the Mgll lines, and an equivalent 
width of 2500 mA. The location of the absorbing Pel layer was not 
discussed. 

We propose a different approach. The M-supergiants are l<nown to 
possess substantial circumstellar shells (Deutsch, 1956 and V.’eymann, 
1962) . We use the observed properties ol these circumstellar shells 
to estimate the amount of absorpLLon expected. This vjill be done 
without reference to the observed Mgll lines. 

Our search for coincident atomic and molecular lines (see also 


Gahm, 1974 and Greve, 1974) showed that a Mnl resonance transition 
(a ^^°7/2 ""•il’tiplet UVl) at 279 4.817 A would also contribute 

to the absorption in the k line. There are many other lines within 
the required wavelength interval but to obtain tlie large coIluiui 
density required to produce a strong absorption line in the cool 
circumstellar shell, we are concerned only with absorptions out of 
levels with very small energies (^ 0,1 eV) , Both the Pel and the 
Mnl transitions arise from their respective gi’ound states. The only 


additional line in this region is a zirconium transition at 2795.14 A 
but due to the low cosmic abundance of zirconiturt (Zr/Fe ~ 3 x 10 ) , 
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the relatively high lower state energy {0,07 eV) nml the J^mnll oscillator 
strength (Kurucz [1974] gives gf=4.8xl0"^) any effect of this line 
will be quite small. We center our attention upon tlie Fel 2795.006 A 
and the Mnl 2794,817 A lines. 

Another Fel line from multiplet UV falls at 2803,169 A within 
the long wavelength peak of the h line. At an excitation temperature 
T 1000 ®I< the optical deptli in this line is 9?d that of the Fel 2795 
line according to calculated oscillator strengths (Kuruon, 1974) , If 
Fel absorption is important in the interpretation of tlie Mgll lines, 

i| 

this line at 2803 A will reduce any expansion asynmietry in the h line. 

This line would liave a considerable influence on the profile according 
to the modelling by Modisette et al . but they overlooked this possibility. 

The Mnl absolute oscillator strength, gf=3.70, was adopted (Ostrovsky 
and Penkin, 1957; Bell et al . 1959). The Mnl line is broadened 
by hyperfinc structure (hfs) splitting. The a^S ground state has a 
negligible splitting. We estimated the hfs splitting of the y 
state from Rottmann (1958) , The 2795 A line is composed of 6 hfs com- 
ponents with a total width of 0,017 A or 1.8 km s**^; the 3 strongest 
components representing 60 percent of the total line strength span 
only 0.9 km s Since our adopted Doppler velocity parameter for the 
shell is Vjj = 4 l<m s we can neglect the hfs splitting. This Mnl 
line is a strong resonance transition. With oscillator strengths 
from Blaclwell and Collins (1972), we calculate that the probability 

O 

of a reemission at 2795 A follov/ing absorption is 0.987; the Mnl 
photons must scatter many times before they can escape the shell in 
a longer vjavelength transition for which the shell is optically thin. 

The Fel line is a v;eak intercombination transition. Kuruez has 
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calculated an oscillator strengtli (gf »= .OOQillO) from intermediate 
coupling line strengths and a radial integral obtained using 
Thomas-Ferml-Dirac v;avefunctions. Comparison of these calculations 
with exper’ijiicntal results (see, for example, Blaolwell et nl . , 1975) 
shov7S good agreement. However, the laz’gest discrepancies are 
anticipated for the weak intercombination transitions; a factor of 
two vuiccrtainty is probably an upper limit. 

Our observations (see belovj) provide a direct measure of tiie 
-column density of neutral Mn in the shell. VJe adopt the reasonable 
assumption that the degree of ionization for Mn and Fe is similar. 

We estimate that the optical depths at tjie line centers are T(Mnl) 

220 T (Fel) . The large difference in the cosmic abmidances, 
N(Fe)/N(Mn) ~ 73, is offset by the oscillator strength ratio. V/e 
assume a kinetic temperature of 10D0“K and calculate the partition 
function of the neutral iron to be IG, Although the Fel transition is 
V7eak, "it is an efficient route for ultraviolet photons to be converted 
to visible photons which can escape directly fx’om the shell; the 

O 

probability of a r’eturn emission at 2795 A is only 0.40/o. 

Two properties of the observed circumstellar shell are 
particularly important. Weymann (1962) calculated that tlie minimum 
shell radius for a Ori was about 16 stellar radii, based on the 
assumption of plane-parallel geometx’y. Our reanalysis (Bernat and 
Lambex’t, 1975) confirms this Value for a Ori, and v;e find a shell 

radius for a Sco of about <1 stellar radii. Hence, the shell must 
be treated assuming spherical not plane-parallel geometry and, for 
a Ori, any occultation effects by the star are minimal and the net 


etjtiivalenL* width of a pure aeatterlng lino will bo zero; i.e, if the 
photons absorbed in a strong resonance transition are not converted 
to others for which the shell is optically thin, wc shall see no 
overlying absorption providcf" that the observations refer to the 
entire sliell. For ct Sco, occultntion of the far side of the shell 
by the stellar surface v;ill increase the net equivalent width, 
Secondly, Weymann derived a Doppler velocity of about 4 lon/sec 
for the a Ori shell, a value v/e find also for the KI 7G99 ^ line. 
Absorption b*' the shell is limited to a few Doppler vjidtlis from 
line center or about 0.12 A at 2800 A. 

Ill, THE COOL CIRCUMSTELLAR SHELL 

Two di,rect rnetliods of establishing the effeets of tlie circLUii- 
stellar shell suggest liieinselves. The most direct would be the 
observation at high resolution of the region nrouncl 2795 A, Since 
the shell lines would be quite sharp, this requires an instrumental 

' o 

resolution of better than 0.1 A, which is possible v;ith Copernieus. 
We intend to undertake this observation as soon as possible. 

A second possibility involves the observation of shell lines 
which arise from the same lov/er level as the ultraviolet lines. 

o 

In particular, we have observed the Mnl lines 4030.755 A 
(a - z multiplet 2) and 4033.074 A (a ^Sg/2 “ ^^°5/2^ 

multiplet 2); which have oscillator strengths 0.099 and 0.069 that 
of the Mnl 2795 A line. Each of these line is also composed of s^x 

® o 

hfs components with a total splitting of .05 A and .04 A. The most 
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intensG components arc separated by lest tlian Imlf this amount ami 
v;e again neglect the liyperfine structure. Our observotional data 
consists of 0.07 A resolution scans obtained v/ith the Tull (1972) 
coude’ scanner for a Ori and 3 A/naij plates for Ci Seo. To model 
the h030 hf i|033 A and 2795 A profiles, we have used a modification 
cf Kunasz and JIujTimer’s technique for solving the radiative tj’ansfcr 
equation in an expcindirig, spherical atmosphere (Kunasz and lluiimier, 

1974; Kunasz, 1973) , Our modification (bernat, 1975) replaces the 
hollow core with an opaque, emitting core; i.e., the radiation emerging 
from the stellar core would be the ohromospheric Mgll k line in the 
case of the 2795 A line and the photospheric Mnl line in the ease 
of the 11030 and i|033 A lines. 

The profiles of the underlying photospheric Mnl lines v/ere 
estimated; calculations based upon a model photosphere cannot be 
considered reliable for these strong lines. The profile estimation 

b o 

was facilitated by a lovjer resolution scan (AX 0,15 A) covering 
about 15 A and centei’cd on the Mnl triplet (9030, 4033, 4034 A), 

The weakest line at 9034 A clearly shows the deepest ’’photospheric" 
core suggesting that shell reemisaion is filling in iiiesc cores 
with tlie greatest effect on the strongest 4030 A line. In Figure 3, 
we show predicted shell profiles for ct Ori. Since seeing conditions 
at the time of observation were poor, we assume that the observed 
profiles represent an integration over the shell and star, betails 
of the line profile fitting wa.ll be given elsevjhere (hernat, 1975) . 

We note that the depth of the narx*ow displaced core is pr'irnarlly a 
monitor of the optical depth and the height and extent* of the 
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I'edwarcl n^cndssion is « inDasura o£ tho shell diometei’. These 

parameirex’s wgi*g ad;]ustud to ol/Lain t)io fit to the stronger 4030 A 

line. Then, the il033 A line vms prediotecl from tlie relative oscillator 

strengths without furtJier parameter adjustment. This profile fitting 

for a Ori gives an optical depth t( 4030) 1.2 or a column density 

13 -2 

NCMnI) ~ 1,5 X 10 cm . A similar analysis of the photographic 
profiles for a Sco suggests T(i|030) ~ 0,3 or N(MjiI) 3,8 x 10^^ em^. 

We calculate shell optical depths for the 2705 Mnl line center: 
t(2795) « 8, II- (a Ori) and - 2.1 (a Sco). For the I’el 2795 A line 
center, V7c estimate t => ,0i| (a Ori) and « ,01 (a Sco), 

Our interpretation of the >bl core profiles as a coinposi.te 
, absorption-emission feature (a P Cygni profile) produced by the 
circumstellar sJiell differs substantially from an earlier irilerpre- 
tation by Adams (1956) , He Identified two absorption components: 
the violet displaced shell component and a red displaced broad 
component v;hich originated in the stellar photosphere. Here, we 
suggest that this second component be given an alternative interpre- 
tation as a blend of shell emission concentrated near the photospheric 
velocity and the broad underlying photospheric line (see Figure 3) . 

Our intei’pretation will explain the correlations noted by Adruiis. 

For example, the intensity of the emission component (or, equivalently, 
the strength of the red absorption component) v/ill vary with the 
photospheric velocity. The intensity v;ill be a minimum v/hen the 
pliotosphere shell velocity difference is a minimum and the shell sees 
the deep core of photospheric line. As the velocity difference inereases, 
the shell can scatter a greater intensity of light from iiie lino wings 
and the emission intensity increases. A more detailed discussion 






of AdaniD’ correlations will bi, present’ocl elsewhere (Uernnt, 1975') . 

V7ith the sliell coIlujui densities and the respective probabilities 

O 

for recmission at 2795 h, v/e Imvo calculated the line profiles of the 

O 

2795 A Fel and Mnl lines, Figure 5 shoves the Mnl profiles when rhe 
observations refer to the entire shell. Our theoretical profile are 
quite similar to the shell profile dei’ived fx’om the KI 7099 A 
resonance line by Goldberg at al . (1975) . The net (absorption 
minus tlie redward reemission) equivalent widtJi for the tJnl line is 
small: Wj^= 32 and 13 mA for ct Ori and a Sco respectively. 

Since the Copernicus spectrometer slit v/idth corresponds to only 
0.3 arc-sec (a small fraction of the predicted and observed shell 
diameter force Ori, Uernat and Lambert, 1975), the observations 
canr-.''t include all the roejiilssion. Keemisslon would have been 
veered along the slit. Our calculated maxinuim equivalent widtli 
refers to the absorption core without the reemission and is 8M and 

O * 

MO mA for a Ori and a Sco respectively. The equivalent wldtiis of 
the Fel li.ne ai’c less than 1 in both shells. These computed 
shell absorption lines are insuffieient to explain the obsei’ved 
asymmetry in the Mgll k line (see Figure 5) . The discrepancy 
is especially marked for a Sco; the asymmetry is perhaps stronger 
than for a Ori but the cireuinstcllar sliell is much less evident in 
all the resonanee lines (Cal M21G A, Call H and K, Mnl M030 etc.) . 

The shell v;ill also scatter photons in tlie Mgll h and k lines. 
The resultant profiles will look similar to tliose given in Figure M 
for the Mnl lines, although the optical depth in the Mgll lines will 
be much larger and the conversion probability will be zero. Thus, 
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part of tlie and rnfnlwa will be due to photons scnttered by the 
shell but with our resolution we are unable to separate the shell’s 
effects from the ’’normal ” minima. At the very large optical depths 
in tJiG Mgll lines, tJie effect of the shell would be similar for the 
h and k lines, l.e., we vjould not be able to produce the observed 
different pi’ofiles. 

We have also investiguted the effects of interstellar absorption 
on the Mgll k line profile, Cleaid.y, if the interstellar medium were 
to absorb the k-line v;ing producing the observed asymmetry, the h 
line shoild also be asynuiieti’lc. In addition, Hobbs’ (1969) observations 
of Nal in stars near cc Sco and a Oi‘i show velocities relative to tiie 
^ star in tJie -18 to *l*9 kjii/sec range. In our observations, any inter- 
stellar Hgll ol)soj.’ption wouici not be resolved from the "normal" and 
kg central reversals. 

To ascribe the large asymmetry observed to interstellar Mnl 

O 

2795 A would reguire that interstellar absorption be detectable in the 
Mril M030 A line. There is no evidence for interstellar absorption in 

P 

the Mnl ^1030 A line in either a Ori and a Sco. We may also calculate 

the expected interstellar equivalent widths in the following manner. 

12 -2 

Boksenberg et al . (1972) derive a colujim density N(Mgl) ~ 3 x 10 cm 
for several stars in Orion; Uogerson et al . (1973b) derive N(Mgl) 

^ 7 X 10^^ for two stars in Scorpio. By allowing for the distance 
differences bet^«;een the various stars and for tlie Mn to Mg abundance 
ratio of ~ 300 and assiuning N (Mnl) /N (Mgl) ~ N (Mn) /JSf (Mg) , we derive 
N(Mnl) ~ 10^^ cm ^ and N(Mnl) 10^ cm ^ (a Sco) or equivalent widths 

® O 

Wj^(a Ori) ~ 3 riA and W^(a Sco) 0.03 nA. Thus, we Conclude that 


ijil'erstellai* absorption v;ill have an entirely negligible effect on 
our observed Hgll profiles. ‘ At much higher resolution, it may be 
possible to detect interstellar Mgll absorption in the cores of the 
h and k lines. 

IV. Fel FLUORESCING Tl?ANSmONS 

If the Mnl and Pel transitions are responsible for the k line 
asynunetry, we can expect to observe fluorescing Mnl and Pel emission 
lines in the visual. 

The Mnl line has a small (1,3?5) branching ratio v;ith the 
53111.005 A (a “ V fnultiplot 4) line most likely C0.81?Q. 

The large nurril^er of scatterings required to convert a Mn plibton enhance 
the probability that the photon will not be converted at all Cfni' 
example, the ultraviolet pliotons might be extinguislied on dust grains 
within the shell) . In addition, the relevant visual Mn lines are 
blended making unambiguous determination of any cmissitn difficult. 

The Pel line is an intercoinbinati.on transition with a 59/o probability 
of emission in the 4307.91 (a - a G^, multiplet M2) line. 

Fluorescence in Pel and Mnl in long-period variables through vmvelength 
coincidences with the Mgll h and k lines was first discussed by 
Thackeray (1937) . 

Tracings of 3 members of multiplet ^2 in a Ori from a 3 A/rmn 
plate are shov;n in figure 5., The 9272 and 4326 A lines should be 

O 

unaffected by the fluorescence in the 9307 A line^ The gf-values 
are in the ratio 0.74 (4326 A): 0.83 (9307 A): 1.0 (9272. A) and, at 
photospheric temperatures, the small differences in excitation potential 
may be ignored. Clearly, iVie 9307 A line is weaker than expected and 
we attribute this to filling in of the line by the emission arising 
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fx'om absorption in the 2795 A intGroombination transition. Another 

e 

line at 4202 A is similarly nffeeted. This observation v;as first 
made by Spitzer (1939) who drev; attention to the possibility of 
fluoreseence. Our photographic spectra for ct Sco show a similar but 
v/eaUer effect. We assume that the a Ori and a Sco observFitions 
approximate averages over the star and the entire shell. 

The fl.ux absorbed by the Fel 2795.006 A line may be estimated 

o 

from the observed fluorescence at 4306 A. The emission was estimated 

o 

using the 4272 A line as the undlstorted photospherlc line profile 

and converted to an absolute flux using spectrum scans (Fa^ and 

Honeycutt, 1972; FaJJ and Johnson, 1973), We estimate that flinc of 

-2 -1 » 

about 1600 ergs cm s at 2795 A is needed to account for the 
fluorescence in a. Ori. 

The k line asymmetry in ct Ori corresponds to a flux deficiency 
-2 -1 

of 3000 ergs cm ' s at the stellar surface. An opL'ically thick 

Fel 2795 K line with a large Doppler width (vj^ 10 l<m s~^) would 

account for about 50?S Of this deficiency or a fltuc of 
-2 -1 

1500 ergs cm s . This flux is in good agircement with the estimate 
based upon the observed fluorescence. A similar conclusion holds 
for ct Sco. These calculations suggest that the overlying Fel and 
Mnl lines are responsible for a major part of the observed k line 
asymmetry. As sho^m in ^ 3, the circumstellar shell is not 
responsible for the fluoreseence and an alternative site must be found. 
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.The Fel line at 2803 A overlying the MglJ h line appears not 
to produce fluorescence in the appropriate visible lines. Since 
the optical depth in this line is about 10/^ tliat of the 2795 A lino, 
the latter can have a substantial optical depth ~ 5) and provide an 
asymmetric k line. The non-appearance of fliioresccnco via the 2803 A 
line does exclude very large optical depths (t ~ 50) in the 2795 A 
line. There remains the possibility that the 2803 A line may be 
marginally affecting the h line and that the intrinsic chromospheric 
Mgll profiles are both asytnmetric in the sense predicted by an 
expanding chromosphere. 

V. CONCLUSIONS 

The observed weakening by fluorescence of the Pel 4307 A line 
is good evidence that the Mnl and Fel resonance transitions overlying 
the MglX k line profile are responsible for the strong asymmetry of 
this line in a Ori ai.J a Sco. However, our quantitative study shows 
that the absorption provided by the cool circumstellar shells is 
insufficient to provide the observed asymmetry. The discrepancy is 
especially marked for a Sco for Which the circumstellar shell is very 
tenuous . 

One possible location for an additional cool layer vjould be the 
top of the chromosphere. The chromospheric temperature must peak and 
fall to the low kinetic temperature of the shell, '•^•’he shell is dis- 
tinguishable because it is expanding relative to the photosphere at 
about 10 km s"^; i.e. the narrow shell absorption cox’es are displaced 
to the violet relative to the broader photospheric lines. If the top 
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of the ohroniosphere \?ere turbulent nnd approximately stationary 
relative to the photosphere/ its effect on the absorption cores 
could go unnoticed. Of course^ it would syMiietrically broaden and 
deepen the cores of the photospheric lines but tlieir profiles 
cannot be predicted with sufficient precision to detect this 
additional absorption, boesgaard and Magnan (1975) discuss the ultra- 
violet Fell emission lines and propose that they are produced by 
infalling gas about 1.5 stellar radii above the surface. This 
chromospheric gas is presumably also responsible for the Mgll emission 
v;hose formation we have not discussed, These authors suggest that 
the chromosphere may contain large scale inhomogenieties of liot and 
cool gas. The Fel fluorescence must ooour in the cool gas. If the 
excitation temperature is moderately high^ excited lines may also 
affect the Mgll line profiles. Further observational evidence for 
this chromospheric structure is needed. 

In this study, we have not given serious consideration to 
alternative explanations of the k line asymmetry (e.g. an expanding 
chromosphere) . A test of our suggestion that the asymmetry is the 
result of overlying Mnl and Fel resonance transitions will be possible 
when high resolution scans of the k line are obtained; the Mnl and 
Fel lines should show up as deep absorption features within the Mgll 
profile. High resolution scans should also be made of the h line in 

O 

order to assess the contribution from the 2803 A Fel line. These scans 
will also enable a better assessment to be made of the symmetry of the 
chromospheric Mgll profiles. 


Thanks are due to Urs, Ted Snow and Don York for their assistance 
in obtaining the Copernicus' scans. V,’e thank Dj’s. Yoji Kondo and 
Tony Drooke for helpful discussions and Dr. Paul Kunasz for a copy 
of the computer code which v;as the basis for line profile modelling 
and for helpful discussions about radiative transfer in spherical 
geometry. We are indebted to Dr^ S. G, Tilford for a cor of a 
high resolution spectrmn of the solar Mgll lines. Our research has 
been supported in part by the National Aeronautics and Space 
Administration through grant NSG-5005. 
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TAurj: ], 

The Mgll h and k lines in a Ori and a Sco 




a Ori 



cx Sco 



h 

k 

V 

k 

r 

h 

k 

V 

k 

r 

Line Counts/14 see 

11420 

3975 

6970 

•9230 

2700 

0350 


±500 

±350 

±350 

±300 

±210 

±270 

Observed flux 

, , -2 -1^ 
(ph , om s j 

43.7 

15.2 

26,7 

35,4 

10,3 

24 . 3 

Stellar surface 
flux 

(10^ erg cm”^ s”^) 

11,1 

3,85 

6,8 

24.2 

7.1 

16.7 


Full width nt „ 

base of line C^) 3,6 3,8 4,6 •!. 0 
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TMlLE 2 ,, 

Upper Limits to Line Flux from a Ori 



Line 

Counts and a 
per lil secs. 

Copernicus 

efficieney 

3CJ Upper 
Limit to 
obs, line 
flux 

r 1 “2 "1> 

(ph cm s j 

3a Upper 
Limit to 
stellar 
surface line 
flux 

(10^ erg cm"^ e“^ 


CII 

1037A 

• -3.9 

+ 

l.M 

0.14 

0.07 

0.05 

cm 

97?A 

-2.5 


1.2 

<0.025 

0.35 

0.25 

Nil 

X085A 

-2.5 

± 

1.1 

0.23 

0.04 

0.03 

01 

1302A 

21.3 


O.S 

0.025 

0.23 

0.13 

Fel 

238oA 

3032 


118 

0.63 

1.4 

0.43 

Fel 

2395A 

3133 

± 

111 

0.63 

1.3 

0,38 

Fell 

imsA 

-2.2 

•f 

1.7 

0.19 

0.07 

0.05 

CO 

1085A 

-2.5 

i 

1.1 

0.23 

0.04 

0.03 


.. 
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NOTES TO TABLE 2 

1. Thu count rate refers to the mean hacUground rate outside the 
expected position of tlie line. The predicted background count 
rate has been subtracted for lines belov; 1200 A, 

2, The Copernicus efficiency figures are from Snow (19 7 ‘I) , 

The CO observation includes the part of liie (0,0) band of the 
Ilopfield-Birge (C^S"* « X^E**) system. 
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FIGimn CAPTIONS 


riy, 1 “ Copurnlcua scan of fbe M^TX doublet In Hetelgeusc. The 

background level (dashed line) is uttributable to noise events 
and does not x’epresent the stellar continuum. Positions of the 
Mnl and Pel r'csonuncc transitions discussed in the text are shown 
above the spectriuii. 

pig. 2 - Copernicus scan of the MglX doublet in Antares. 

Fig. 3 •* The cores of Mnl resonance lines in a Ori at (a) (I030.8A 

and (b) M033.1A. The interpolated core of the pbotospberic line 
is sbovm by tlie dashed line. The predicted shell absorption core 
with redward emission is shown by the solid line. The intensity 
scales for tlic tv;o lines are not identic aJ . 

Fig. 4 - Predicted profiles for the Mnl 2795A line formed in the 
circumstellar shells of a Ori and a Sco. 

Fig. 5 - Mgll K line profiles for a Ori and a Sco showing the maximum 
effect of the overlying circtmistellar Mnl 279 5A line. The dashed 
line shov;s the observed profile (solid line) after eorrection for 
the Mnl line. 

Fig. 6 - The a Ori photosphei'ic spectnuii near the Fel lines at 4272, 
4307, and 5326^, The local continuum for these three lines is 
at the top of the figure. The Col line in the left hand panel 
.shows a narrow displaced core arising in the circumstellar sliell. 
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